Introduction
============

The prevalence and incidence of end-stage renal disease (ESRD) have increased continuously around the world \[[@ref1]\], and the prevalence of hemodialysis (HD) in Korea increased by 22.7% from 2009 to 2013 \[[@ref2]\]. The annual mortality rate of chronic HD patients is much higher than that of the general population, and malnutrition is a major contributor to the increased morbidity and younger mortality seen in HD patients \[[@ref3]\].

Most HD patients have difficulty adhering to dietary therapy due to the stress of a restricted-food diet or loss of appetite, which eventually leads to malnutrition and other complications \[[@ref4]\]. Malnutrition is an abnormal status originating from an inadequate diet and is well known to aggravate various clinical outcomes \[[@ref5]\]. The most commonly observed form of malnutrition is protein and energy depletion, also known as protein-energy wasting (PEW), and it is one of the strongest predictors of short-term mortality among dialysis patients \[[@ref6]\]. Thus, in HD patients, regular assessment of nutritional status (including daily dietary intake) is necessary \[[@ref7]\]. However, to the best of our knowledge, no previous study has compared the daily dietary intake of poorly nourished and well-nourished HD patients.

Several assessment tools are available to evaluate PEW or nutritional status in HD patients: the Subjective Global Assessment (SGA), Dialysis Malnutrition Score, Malnutrition Inflammation Score, etc. \[[@ref8]\]. Among them, the SGA is a relatively inexpensive, easy, and rapidly conducted tool used by nurses, dietitians, and physicians to assess PEW in chronic HD patients \[[@ref9]\]. It is also used to examine the nutritional status of HD patients \[[@ref10]\], and several studies have evaluated the relationship between SGA scores and mortality in HD patients \[[@ref11]\]. Therefore, we divided HD patients into two groups (well-nourished vs. poorly nourished) based on the SGA and compared their dietary intake levels and food intake patterns.

Methods
=======

Target population and study duration
------------------------------------

One hundred twenty-seven HD patients from five dialysis centers in Seoul, South Korea, were screened for participation. Three patients were excluded due to transfer to other hospitals or rejection from the study, and 16 patients' files were unavailable due to low compliance and non-response. Therefore, 111 HD patients were enrolled in this study. All participants were told the purpose of the study, agreed with it, and participated in the study voluntarily. Questionnaires were administered in one-on-one interviews from January 13 to March 22, 2017.

Contents of the research and methods
------------------------------------

### Baseline characteristics

A questionnaire and review of medical charts was performed by patients and trained investigators together to obtain accurate general information, including sex, age, level of family support, smoking status, comorbidities, medications used, and other dialysis information. Information about disease severity was calculated by the Charlson comorbidity index (CCI) score, which is commonly used to assess short-term mortality risk in HD patients \[[@ref12]\]. The CCI score was calculated during review of each patient's medical chart using International Classification of Diseases, 9th Revision (ICD-9) disease codes and scores for 19 diagnoses ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, available online). The score was categorized as ≤ 4 points and \> 5 points, with a higher score indicating a lower probable 10-year survival rate. In addition, a physical examination collected information about blood pressure, neck circumference, waist circumference, upper arm circumference, triceps skinfold thickness, grip strength, and body mass index (BMI). Body weight was measured immediately after HD, and then BMI was calculated. According to the Asia-Pacific BMI classification, BMI was categorized as underweight (\< 18.5 kg/m^2^), normal weight (18.5 to \< 22.9 kg/m^2^), and overweight (≥ 23 kg/m^2^). The study was approved by the ethical committee at each participating center ([Supplementary materials](#S1){ref-type="supplementary-material"}).

### Biochemical laboratory analysis

Blood samples were collected once a month prior to HD, and the white blood cell count was measured, along with the levels of white blood cell, hemoglobin, aspartate aminotransferase, alanine aminotransferase, total bilirubin, alkaline phosphatase, calcium, phosphorus, uric acid, HbA1c, serum total protein, albumin, high sensitivity C-reactive protein, single-pool Kt/V, blood urea nitrogen (BUN), creatinine, sodium, potassium, chloride, bicarbonate, parathyroid hormone, ferritin, iron, total iron binding capacity (TIBC), total cholesterol, low density lipoprotein cholesterol and triglycerides.

### Subjective Global Assessment

The nutritional status of each HD patient was evaluated using the 7-point SGA. The SGA was originally developed to evaluate the nutritional status of patients with post-operative infection or cancer, but its feasibility in assessing the nutritional status of HD patients has been verified \[[@ref13]\]. Therefore, the SGA is recommended by the National Kidney Foundation and the Kidney Disease/Dialysis Outcomes and Quality Initiative (KDOQI) as an assessment tool for examining the nutritional status of HD patients \[[@ref14]\]. The questionnaire-based SGA assesses the following: weight changes in the past 6 months, changes in dietary intake (duration and range of food intake), gastrointestinal symptoms persisting for 2 weeks, functional status, disease states affecting nutritional requirements, and physical changes such as edema, ascites, sacral edema, ankle edema, muscle atrophy, and loss of subcutaneous fat \[[@ref15]\]. The questionnaires were translated into Korean and filled out by patients and trained investigators together. Each item was rated from 1 to 7 points: 1) 1-2 points for weight loss of more than 10%, 3-5 points for weight loss of 5%-10%, and 6-7 points for weight loss of less than 5% in the past 6 months; 2) according to the degree of changes in dietary intake, gastrointestinal symptoms persisting for 2 weeks, functional status, disease states, and physical examination, 1-2 points were given for moderate to severe, 3-5 points for mild to moderate, and 6-7 points for normal to mild. All these data were summed to calculate the overall SGA rating. In addition, based on the overall SGA score trend, 1-7 points were assigned again to give the subjective SGA rating. Patients were classified into three categories based on those final ratings: 1-2 points for the severely malnourished group, 3-5 points for the moderately malnourished group, and 6-7 points for the well-nourished group \[[@ref16]\]. Because only two patients fit into the severely malnourished group, we categorized the patients into two groups: 1-5 points for the poorly nourished group and 6-7 points for the well-nourished group ([Supplementary Table 2](#S1){ref-type="supplementary-material"}).

### Study design

The study design is presented in [Fig. 1](#F1){ref-type="fig"}. We investigated food intake prior to each dialysis center visit for 7 days using 24-hour dietary recall documentation (example in [Supplementary Table 3](#S1){ref-type="supplementary-material"}), which we call our '7-day dietary intake research.' We also investigated food behavior on two occasions (the 1st and 8th days of the study) to reduce individual variation after calculating the 2-day intake ([Supplementary Table 4](#S1){ref-type="supplementary-material"}).

### Seven-day dietary intake research

For the 7-day dietary intake research, dieticians assessed all food items and amounts patients consumed during 7 days of visits to the dialysis center. Using 24-hour dietary recall documentation, the patients recalled and recorded all the food items and amounts they consumed from discharge from their previous dialysis center visit to immediately before the present visit. The dietitians were well-educated and trained. Paper cups, measuring cups, and measuring spoons were provided to the patients to help them measure their food intake more accurately. In the case of processed foods, patients were required to fill out the label of the food and provide the name of the company ([Supplementary Table 3](#S1){ref-type="supplementary-material"}).

### Food behavior research

As shown in [Supplementary Table 4](#S1){ref-type="supplementary-material"}, patients were asked several questions about their food behaviors, such as how many times they ate per day and how frequently they ate out. We used that information to determine the patients' eating patterns and characteristics.

### Calculation of food intake

Patients' intake of calories, carbohydrates, protein, lipids, etc. were calculated in CAN-Pro 4.0 (Computer Aided Nutritional Analysis Program) (The Korean Nutrition Society; 2011) (Internet: <http://www.kns.or.kr/Center/CanPro5.asp>), a nutrition-evaluating program, based on the data collected from the 7-day dietary intake research.

Statistical analysis
--------------------

All results were analyzed in IBM SPSS Windows ver. 21.0 (IBM Corp., Armonk, NY, USA). Subjects' baseline characteristics were compared and computed with the ratio of frequent numbers. Based on the SGA, differences in baseline characteristics and nutrient intake were compared by the student's t test or χ^2^ test. Univariate logistic regression analyses were performed with the independent variables (waist circumference, hip circumference, BMI, mean inter-dialytic weight gain, hemoglobin level, albumin level, energy intake, carbohydrate intake, protein intake, fluid intake, mineral intake, food intake, and fried food intake). In addition, variables with a significant *P* value were used in a multivariate logistic regression analysis adjusted by age, sex, CCI score, comorbidities, smoking status, alcohol intake status, and medication use to determine the factors associated with nutritional status. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to determine the relative associations between several factors and nutritional status. A *P* value of less than 0.05 was considered statistically significant.

Results
=======

Baseline characteristics at enrollment in the well-nourished and poorly nourished groups
----------------------------------------------------------------------------------------

Among the 111 patients enrolled, 24 (21.6%) were younger than 50 years, and 65 were male (58.6%). Most of the patients had been undergoing HD for more than 10 months (91.9%), and 44 patients (39.6%) had a CCI score above 5. In addition, most of the patients took medications such as erythropoiesis-stimulating agents (76.6%), iron supplements (69.4%), antihypertensive agents (87.4%), and antiplatelet agents (55.9%), and 58 patients (52.3%) had diabetes mellitus. Moreover, 53 patients (47.7%) required family support to eat or move (45.9% requiring 50%-99% family support, and 1.8% requiring 100% family support). Most of the patients were non-smokers (77.5%), and nearly half were overweight (BMI ≥ 23.0 kg/m^2^, 47.7%). The mean SGA rating was 5.99 ± 2.00 points; the mean waist-to-hip-circumference ratio was 0.92 cm/cm; and the mean calcium, phosphorus, and albumin levels were 8.79 mg/dL, 5.26 mg/dL, and 3.88 g/dL, respectively. In addition, the mean height was 162.28 ± 9.81 cm, and the mean weight before HD, mean weight after HD, and mean inter-dialytic weight gain were 62.92 ± 15.46 kg, 60.78 ± 15.30 kg, and 2.13 ± 0.99 kg, respectively.

When the enrolled HD patients were divided into two groups (well-nourished group and poorly nourished group) based on their SGA scores, 30 (27.0%) were in the poorly nourished group. The SGA rating was significantly higher in the well-nourished group than in the poorly nourished group (6.61 ± 1.00 points in the well-nourished group vs. 4.30 ± 1.00 points in the poorly nourished group, *P* = 0.001). As shown in [Table 1](#T1){ref-type="table"}, the proportions of patients younger than 50 years and male did not differ significantly between the two groups. Moreover, the mean inter-dialytic weight gain was higher in the poorly nourished group (2.56 ± 0.75 kg) than in the well-nourished group (1.98 ± 1.03 kg), but that difference was not significant. Dialysis vintage, comorbidities, weight, height, family support, and CCI score did not differ significantly between the two groups, but BMI was significantly higher in the well-nourished group than in the poorly nourished group (23.81 ± 3.91 kg/m^2^ in the well-nourished group vs. 22.03 ± 2.54 kg/m^2^ in the poorly nourished group, *P* = 0.007; overweight, 56.8% in the well-nourished group vs. 23.3% in the poorly nourished group, *P* = 0.004), and the hip and waist circumferences were significantly lower in the well-nourished group than in the poorly nourished group.

Laboratory testing revealed that hemoglobin and serum albumin levels were significantly higher in the well-nourished group than in the poorly nourished group (hemoglobin: 10.81 g/dL in the well-nourished group vs. 10.25 g/dL in the poorly nourished group, *P* = 0.030; serum albumin: 3.92 g/dL in the well-nourished group vs. 3.77 g/dL in the poorly nourished group, *P* = 0.032). Serum calcium, phosphorus, uric acid, BUN, creatinine, iron, TIBC, total cholesterol, and intact parathyroid hormone levels did not differ significantly between the two groups ([Table 1](#T1){ref-type="table"}).

Nutrient intake status evaluated by 7-day dietary research
----------------------------------------------------------

We assessed what, how much, and how often patients ate through our 7-day dietary research. We also examined the composition of the foods eaten (carbohydrates, protein, lipids, etc.) and calculated patients' intake of calories, dietary fiber, and minerals. As shown in [Table 2](#T2){ref-type="table"}, the mean total caloric intake was 23.44 kcal/kg/d, and the mean carbohydrate, lipid, and protein intake was 214.54 g/d, 36.43 g/d, and 0.92 g/kg/d, respectively. Patients consumed an average of 349.33 mg/d of calcium, 760.61 mg/d of phosphorus, 3,285.86 mg/d of sodium, and 1,856.91 mg/d of potassium. No significant differences emerged between the well-nourished and poorly nourished groups in the factors measured in the 7-day dietary research ([Table 2](#T2){ref-type="table"}).

Food behavior research
----------------------

[Table 3](#T3){ref-type="table"} presents the results of the food behavior research. The frequency of eating out was significantly higher in the poorly nourished group than in the well-nourished group. Moreover, the poorly nourished group ate fried food significantly more frequently than the well-nourished group. The number of patients eating three meals/d and eating various nutrients and the amount of fruit eaten per day did not differ significantly between the groups ([Table 3](#T3){ref-type="table"}).

Factors associated with nutritional status as assessed by the SGA
-----------------------------------------------------------------

Logistic regression analyses were performed to find the factors associated with poorly nourished status, as assessed by the SGA. The univariate logistic regression analyses revealed that the poorly nourished group ate fried food and ate out significantly more frequently than the well-nourished group (fried food, per 1 point increase: OR = 1.851, 95% CI = 1.054-3.252, *P* = 0.032; eating out, per 1 point increase: OR = 1.837, 95% CI = 1.078-3.132, *P* = 0.025). Moreover, higher hip and waist circumferences and lower BMI and serum albumin level were significantly associated with poorly nourished status (hip circumference per 1cm increase: OR = 1.015, 95% CI = 0.994-1.036, *P* = 0.015; waist circumference per 1cm increase: OR = 1.018, 95% CI = 0.997-1.040, *P* = 0.008; BMI per 1 kg/m^2^ increase: OR = 0.857, 95% CI = 0.746-0.984, *P* = 0.028; serum albumin level per 1g/dL increase: OR = 0.237, 95% CI = 0.059-0.944, *P* = 0.041). The variables with significant *P* values in the univariate logistic regression analyses were included in the multivariate logistic regression analysis. In the multivariate results, only more frequent fried food intake and larger hip and waist circumferences were significantly associated with poorly nourished status (fried food, per 1 point increase: OR = 2.302, 95% CI = 1.022-5.184, *P* = 0.044; Hip circumference per 1 cm increase: OR = 1.032, 95% CI = 1.002-1.063, *P* = 0.036; waist circumference per 1 cm increase: OR = 1.035, 95% CI = 1.004-1.066, *P* = 0.027) ([Table 4](#T4){ref-type="table"}).

Discussion
==========

Malnutrition is well known to be a major contributor to the increased morbidity and younger mortality of HD patients. About 75% of HD patients suffer from protein-related malnutrition. Ironically, although HD is a life-saving management technique for ESRD patients and a promising treatment for pre-dialytic chronic kidney disease patients, repetition of the HD procedure (2-3 times per week or more) removes many nutrients from dialysis patients. Moreover, HD patients are exposed to the risk of malnutrition and early mortality by restricted protein intake, increased energy consumption, inappropriate dialysis volumes, and catabolism related to dialysis \[[@ref17]\]. Thus, proper nutritional management is important for HD patients, and the nutritional status of dialysis patients must be assessed before malnutrition can be managed \[[@ref18]\].

During the past 20 years, a variety of tools has been used to examine the nutritional status of HD patients, and the SGA is considered to be one of the most useful \[[@ref19]\]. In the current study, we investigated the dietary intake and patterns of HD patients, such as frequency of eating out, weekly dietary intake, and caloric intake, and compared them between the well-nourished and poorly nourished groups. We also determined the factors significantly associated with poorly nourished status, which included more frequent fried food intake and larger hip and waist circumferences.

In general, it is recommended that HD patients eat 30-35 kcal/kg/d to maintain an ideal body weight. Moreover, dietitians have suggested that HD patients consume more than 1.2 g/kg/d of protein normally and more than 1.5 g/kg/d when they are malnourished. Most energy (50%-60%) should be obtained from carbohydrates, and the energy intake from fat should be 30%-35% \[[@ref20],[@ref21]\]. In terms of fluid and mineral intake, HD patients are usually encouraged to drink 750-1,500 mL/d and to consume less than 2,000 mg/d of sodium, between 40 and 70 mmol/d of potassium, and less than 1,000 mg/d of phosphorus.

The HD patients in this study consumed only 23.44 kcal/kg/d on average, with a mean protein intake of 0.92 g/kg/d. They obtained most of their energy from carbohydrates (around 60%) and about 23% of their energy from lipids. Moreover, these patients drank 589.06 mL/d of water on average, and their intake of sodium, potassium, and phosphorus were 3,285.86, 1,856.91, and 760.61 mg/d, respectively, meaning that they consumed more sodium and potassium but less water and phosphorus than the KDOQI recommends. These results are similar to those of another study about nutrition in HD patients published in Korea in 2017 (energy intake: 1,411 ± 410.5 kcal, protein intake: 55.53 ± 21.84 g/d in this study vs energy intake: 1,496 ± 401.7 kcal, protein intake: 58.28 ± 23.06 g/d in the earlier study) \[[@ref22]\]. We found no significant differences in the intake of total energy or the major nutrient components (carbohydrates, lipids, and proteins) between the well-nourished and poorly nourished groups. In addition, we found no significant differences in fluid or mineral intake between the two groups. Apparently, PEW is influenced not only by energy and protein intake; other possible influences include dietary habits or behaviors, exercise, and stress. Unfortunately, we could not determine why we found no significant differences in the factors measured in our 7-day dietary research because this study was cross-sectional (one of its limitations).

We did find that the poorly nourished group ate fried food more often and had larger hip and waist circumferences than the well-nourished group. So far, only one session of nutrition education has been allowed for HD patients under the National Health Insurance coverage in Korea. The current study suggests that regular nutrition investigation and nutritional education should be required (and provided) for chronic HD patients.

As mentioned above, this study was performed via cross-sectional analysis. Thus, the causal relationship between current nutritional status and dietary intake patterns and food behaviors could not be determined, which is a limitation of this study. However, we performed 7-day dietary research and tried to determine patients' actual dietary intake and patterns. Only eight patients (7.2%) in this study consumed more than 30 kcal/kg/d and 1.0 g/kg/d of protein, which suggests that most HD patients have poor energy and protein intake.

This study also had other limitations. First, we included only a small number of subjects in a restricted area. Thus, the results should be interpreted with caution, and more patients of various ethnicities should be included in future studies. Second, even though we tried to investigate a variety of foods, not all foods were included in the survey. Thus, future studies should include items that were missing from the present study. Finally, there were practical difficulties in obtaining information from all HD patients because of low compliance and a large number of non-responders and abandoners.

Although sample selection bias and measurement errors in dietary intake might have significantly influenced the results, it is nonetheless useful to evaluate dietary habits and provide proper education and consultations for HD patients. In maintenance dialysis patients, dietary management should be strictly controlled because incorrect information and lack of appetite can lead to careless dietary management. ESRD patients undergoing chronic HD require long-term treatment, and nutritional and physical losses are inevitable during routine dialysis. Therefore, customized dietotherapy and more specific analyses of the diets of HD patients will positively influence their treatment course and quality of life.
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###### 

Baseline characteristics in the two groups stratified by nutritional status

  Characteristic                                                  Nutritional status    *P* value             
  ---------------------------------------- ---------------------- --------------------- --------------------- -------
  Age \< 50 yr                             24 (21.6)              16 (19.8)             8 (26.7)              0.432
  Male                                     65 (58.6)              50 (61.7)             15 (50.0)             0.265
  SGA rating (point)                       5.99 ± 2.00            6.61 ± 1.00           4.30 ± 1.00           0.001
  Dialysis period                                                                                             
  \< 10 mo                                 9 (8.1)                5 (6.2)               4 (13.3)              0.279
  10 mo ≤ × \< 50 mo                       37 (33.3)              26 (32.1)             11 (36.7)             
  50 mo ≤ × \< 100 mo                      43 (38.7)              35 (43.2)             8 (26.7)              
  ≥ 100 mo                                 22 (19.8)              15 (18.5)             7 (23.3)              
  CCI score (point)                                                                                           
  ≤ 4                                      28 (25.2)              23 (28.4)             5 (16.7)              0.062
  \> 5                                     44 (39.6)              27 (33.3)             17 (56.7)             
  Unknown                                  39 (35.1)              31 (38.3)             8 (26.7)              
  Medication use                                                                                              
  ESAs                                     85 (76.6)              62 (76.5)             23 (76.7)             0.989
  Iron supplements                         77 (69.4)              52 (64.2)             25 (83.3)             0.052
  Antihypertensive agents                  97 (87.4)              69 (85.2)             28 (93.3)             0.251
  Antiplatelet agents                      62 (55.9)              46 (56.8)             16 (53.3)             0.745
  Diuretics                                35 (31.5)              25 (30.9)             10 (33.3)             0.804
  Comorbidities                                                                                               
  Diabetes                                 58 (52.3)              40 (49.4)             18 (60.0)             0.670
  Myocardial infarction                    3 (2.7)                2 (2.5)               1 (3.3)               0.732
  Heart failure                            6 (5.4)                3 (3.7)               3 (10.0)              0.154
  Cerebrovascular disease                  2 (1.8)                2 (2.5)               0 (0.0)               0.411
  Smoking status                                                                                              
  Never                                    86 (77.5)              61 (75.3)             25 (83.3)             0.231
  Current                                  6 (5.4)                5 (6.2)               1 (3.3)               
  Former                                   17 (15.3)              15 (18.5)             2 (6.7)               
  Unknown                                  2 (1.8)                0 (0.0)               2 (6.7)               
  Social history                                                                                              
  Degree of family support                                                                                    
  0% (Independent)                         22 (19.8)              18 (22.2)             4 (13.3)              0.115
  0% \< × \< 50%                           32 (28.8)              23 (28.4)             9 (30.0)              
  50% ≤ × \< 100%                          51 (45.9)              38 (46.9)             13 (43.3)             
  100% (fully dependent)                   2 (1.8)                0 (0.0)               2 (6.7)               
  Unknown                                  4 (3.6)                2 (2.5)               2 (6.7)               
  Physical examination                                                                                        
  SBP (mmHg)                               142.73 ± 21.86         142.19 ± 22.30        144.20 ± 20.92        0.670
  DBP (mmHg)                               75.07 ± 13.72          75.00 ± 13.24         75.26 ± 15.18         0.928
  Neck circumference (cm)                  37.33 ± 6.72           36.94 ± 5.39          38.40 ± 9.54          0.327
  Hip circumference (cm)                   83.41 ± 24.81          81.37 ± 27.55         89.30 ± 12.89         0.049
  Waist circumference (cm)                 77.74 ± 23.92          75.40 ± 26.50         84.26 ± 12.77         0.024
  Waist to hip circumference ratio         0.92 ± 0.06            0.92 ± 0.06           0.94 ± 0.04           0.209
  Upper arm circumference (cm)             28.50 ± 7.62           28.78 ± 8.57          27.73 ± 3.98          0.537
  Triceps skinfold thickness (cm)          12.46 ± 8.33           11.73 ± 8.33          14.49 ± 8.11          0.133
  Grip strength (kg)                       23.14 ± 9.43           23.88 ± 9.96          21.02 ± 7.46          0.124
  Height (cm)                              162.28 ± 9.81          161.87 ± 9.46         163.41 ± 10.80        0.797
  Weight pre-HD (kg)                       62.92 ± 15.46          62.58 ± 16.79         63.88 ± 11.35         0.474
  Weight post-HD (kg)                      60.78 ± 15.30          60.59 ± 16.57         61.31 ± 11.43         0.885
  Inter-dialytic weight gain (kg)          2.13 ± 0.99            1.98 ± 1.03           2.56 ± 0.75           0.073
  Body mass index (kg/m2)                  23.34 ± 3.67           23.81 ± 3.91          22.03 ± 2.54          0.007
  Body mass index                                                                                             
  Underweight (\< 18.5 kg/m2)              9 (8.1)                7 (8.6)               2 (6.7)               0.004
  Normal weight (18.5 ≤ × \< 22.9 kg/m2)   47 (42.3)              27 (33.3)             20 (66.7)             
  Overweight (≥ 23.0 kg/m2)                53 (47.7)              46 (56.8)             7 (23.3)              
  Laboratory findings                                                                                         
  White blood cell (/mm3)                  6,209.46. ± 2,400.00   6,040.00 ± 2,475.00   6,045.67 ± 1,817.50   0.558
  Hemoglobin (g/dL)                        10.66 ± 1.34           10.81 ± 1.39          10.25 ± 1.10          0.030
  AST (IU/L)                               20.01 ± 9.21           19.65 ± 7.96          21.00 ± 12.08         0.497
  ALT (IU/L)                               17.09 ± 11.04          16.29 ± 8.80          19.26 ± 15.56         0.210
  Total bilirubin (mg/dL)                  0.54 ± 0.89            0.59 ± 1.06           0.43 ± 0.23           0.418
  Alkaline phosphatase (IU/dL)             155.90 ± 78.00         105.97 ± 42.00        289.03 ± 166.50       0.103
  Calcium (mg/dL)                          8.79 ± 0.67            8.78 ± 0.65           8.81 ± 0.74           0.854
  Phosphorus (mg/dL)                       5.26 ± 1.52            5.28 ± 1.45           5.22 ± 1.74           0.863
  Uric acid (mg/dL)                        6.83 ± 1.51            6.85 ± 1.65           6.78 ± 1.06           0.830
  HbA1c (%)                                7.11 ± 1.64            6.91 ± 1.50           12.51 ± 2.13          0.283
  Total protein (g/dL)                     6.60 ± 0.73            6.67 ± 0.80           6.41 ± 0.46           0.106
  Albumin (g/dL)                           3.88 ± 0.32            3.92 ± 0.33           3.77 ± 0.26           0.032
  Hs-CRP (mg/dL)                           2.53 ± 7.09            2.47 ± 7.55           2.74 ± 5.47           0.239
  spKt/V                                   1.56 ± 0.30            1.55 ± 0.29           1.58 ± 0.33           0.680
  BUN (mg/dL)                              59.61 ± 17.76          59.24 ± 17.86         60.61 ± 17.76         0.720
  Creatinine (mg/dL)                       10.10 ± 8.11           10.32 ± 9.43          9.53 ± 1.95           0.650
  Sodium (mmol/L)                          137.68 ± 3.11          137.45 ± 3.18         138.30 ± 2.90         0.207
  Potassium (mmol/L)                       5.34 ± 3.57            5.50 ± 4.15           4.92 ± 0.77           0.453
  Chloride (mmol/L)                        96.18 ± 7.59           95.87 ± 8.82          96.82 ± 4.11          0.593
  Bicarbonate (mmol/L)                     22.25 ± 3.10           22.31 ± 2.89          22.08 ± 3.65          0.736
  Intact PTH (pg/mL)                       262.81 ± 231.75        251.60 ± 204.03       292.70 ± 268.63       0.317
  Ferritin (ng/mL)                         298.04 ± 304.30        319.29 ± 325.04       241.37 ± 155.85       0.105
  Iron (μg/dL)                             74.68 ± 34.36          76.06 ± 30.67         70.96 ± 43.17         0.490
  TIBC (μg/dL)                             231.73 ± 42.61         231.71 ± 45.76        231.80 ± 33.33        0.993
  Total cholesterol (mg/dL)                149.12 ± 35.64         146.12 ± 34.67        157.13 ± 37.54        0.150
  LDL cholesterol (mg/dL)                  81.18 ± 30.40          81.93 ± 29.84         79.20 ± 32.28         0.682
  Triglycerides (mg/dL)                    125.03 ± 82.66         120.73 ± 81.96        136.50 ± 84.83        0.376

Data are expressed as number () or mean ± standard deviation. *P* values indicate comparisons between well-nourished and poorly nourished group.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CCI, Charlson comorbidity index; DBP, diastolic blood pressure; ESA, erythropoiesis-stimulating agent; HD, hemodialysis; hs-CRP, high sensitivity C-reactive protein; LDL, low density lipoprotein; PTH, parathyroid hormone; SBP, systolic blood pressure; SGA, Subjective Global Assessment; spKt/V, single-pool Kt/V; TIBC, total iron binding capacity.

###### 

Results of the seven-day dietary research in two groups stratified by nutritional status

                                                       Nutritional status    *P* value             
  ------------------------------ --------------------- --------------------- --------------------- -------
  Energy (kcal/kg/d)             23.44 ± 7.12          23.43 ± 7.19          23.47 ± 7.03          0.979
  Major nutrient components                                                                        
  Carbohydrates (g/d)            214.54 ± 62.54        217.09 ± 63.24        207.65 ± 61.13        0.483
  Lipids (g/d)                   36.43 ± 14.07         36.75 ± 14.42         35.54 ± 13.24         0.688
  Proteins (g/kg/d)              0.92 ± 0.36           0.92 ± 0.37           0.90 ± 0.35           0.797
  Fluid and mineral components                                                                     
  Total fiber (g/d)              14.55 ± 5.90          14.89 ± 6.28          13.65 ± 4.70          0.326
  Water (mL/d)                   589.06 ± 217.75       602.08 ± 219.28       553.89 ± 213.19       0.303
  Calcium (mg/d)                 349.33 ± 140.35       355.41 ± 139.50       332.91 ± 143.70       0.456
  Phosphate (mg/d)               760.61 ± 250.64       777.48 ± 255.56       715.07 ± 234.88       0.246
  Sodium (mg/d)                  3,285.86 ± 1,275.45   3,371.71 ± 1,296.86   3,054.06 ± 1,206.12   0.246
  Potassium (mg/d)               1,856.91 ± 632.30     1,889.42 ± 651.39     1,769.16 ± 578.86     0.376
  Magnesium (mg/d)               54.69 ± 23.75         55.00 ± 23.07         53.86 ± 25.88         0.824
  Iron (mg/d)                    11.48 ± 4.16          11.75 ± 4.41          10.74 ± 3.33          0.258

Data are expressed as mean ± standard deviation. *P* values indicate comparisons between well-nourished and poorly nourished group.

###### 

Comparison of food intake behavior by nutritional status

  Dietary habits or behaviors[a](#t3fn2){ref-type="table-fn"}   Nutritional status   *P* value     
  ------------------------------------------------------------- -------------------- ------------- -------
  How many times in a week have you ...                                                            
  Eaten three meals per day                                     1.35 ± 0.80          1.23 ± 0.75   0.463
  Eaten various nutrients                                       1.21 ± 0.66          0.96 ± 0.62   0.078
  How many fruits have you eaten per day                        1.02 ± 0.79          1.06 ± 0.70   0.800
  How much milk have you drunk per day                          0.37 ± 0.56          0.41 ± 0.64   0.751
  No. of behaviors to reduce potassium                          1.04 ± 0.83          1.15 ± 0.81   0.571
  No. of salted or processed foods eaten                        1.80 ± 0.45          1.61 ± 0.58   0.111
  Eaten more than two protein-rich meals per day                1.19 ± 0.74          0.93 ± 0.75   0.110
  Eaten sweet foods                                             0.85 ± 0.69          0.80 ± 0.63   0.721
  Eaten fried foods                                             0.51 ± 0.71          0.85 ± 0.70   0.029
  Remembered how much water to drink per day                    1.34 ± 0.73          1.33 ± 0.64   0.968
  Eaten out                                                     0.66 ± 0.75          1.05 ± 0.83   0.023

Data are expressed as mean ± standard deviation.

Several questions in [Supplementary Table 2](#S1){ref-type="supplementary-material"} were asked only two times, at the initiation of the study and the end of the study. We present the average of those two points in this table.

###### 

Logistic regression analysis for the factors associated with poorly nourished status

  Factors                                                                Odds ratio   95% confidence interval   *P* value
  ---------------------------------------------------------------------- ------------ ------------------------- -----------
  Hip circumference, per increase of 1 cm                                1.032        1.002-1.063               0.036
  Waist circumference, per increase of 1 cm                              1.035        1.004-1.066               0.027
  Body mass index, per increase of 1 kg/m^2^                             0.857        0.746-0.984               0.028
  Mean inter-dialytic weight gain, per increase of 1 kg                  1.335        0.914-1.949               0.135
  Hemoglobin, per increase of 1 g/dL                                     0.696        0.483-1.003               0.052
  Albumin, per increase of 1 g/dL                                        0.237        0.059-0.944               0.041
  Energy, per increase of 1 kcal/kg/d                                    1.000        0.998-1.001               0.429
  Carbohydrates, per increase of 1 g/d                                   0.997        0.990-1.005               0.480
  Lipids, per increase of 1 g/d                                          0.994        0.964-1.024               0.685
  Protein, per increase of 1 g/kg/d                                      0.990        0.969-1.012               0.374
  Water, per increase of 1 mL/d                                          0.999        0.997-1.001               0.301
  Calcium, per increase of 1 mg/d                                        0.999        0.996-1.002               0.452
  Phosphate, per increase of 1 mg/d                                      0.999        0.997-1.001               0.245
  Sodium, per increase of 1 mg/d                                         1.000        0.999-1.000               0.245
  Potassium, per increase of 1 mg/d                                      1.000        0.999-1.000               0.373
  Iron, per increase of 1 mg/d                                           0.938        0.841-1.048               0.258
  Eating three meals/day, per increase of 1 point                        0.821        0.487-1.384               0.460
  Eating various nutrients, per increase of 1 point                      0.563        0.296-1.072               0.081
  Number of fruits eaten/day, per increase of 1 point                    1.074        0.621-1.856               0.798
  Amount of milk drunk/day, per increase of 1 point                      1.122        0.556-2.264               0.748
  Behavior to reduce potassium, per increase of 1 point                  1.162        0.695-1.942               0.568
  Number of salted or processed foods, per increase of 1 point           0.498        0.228-1.087               0.080
  Eating more than two protein-rich meals/day, per increase of 1 point   0.633        0.360-1.111               0.111
  Eating sweet foods, per increase of 1 point                            0.891        0.475-1.670               0.718
  Eating out, per increase of 1 point[a](#t4fn1){ref-type="table-fn"}    1.837        1.078-3.132               0.025
  Remembering how much water to drink/day, per increase of 1 point       0.988        0.547-1.784               0.967
  Fried food, per increase of 1 point[a](#t4fn1){ref-type="table-fn"}    1.851        1.054-3.252               0.032
  Hip circumference, per increase of 1 cm                                1.041        1.011-1.072               0.008
  Waist circumference, per increase of 1 cm                              1.037        1.009-1.066               0.010
  Body mass index, per increase of 1 kg/m^2^                             0.868        0.726-1.038               0.121
  Albumin, per increase of 1 g/dL                                        0.523        0.074-3.713               0.517
  Eating out, per increase of 1 point[a](#t4fn1){ref-type="table-fn"}    1.380        0.698-2.727               0.355
  Fried food, per increase of 1 point[a](#t4fn1){ref-type="table-fn"}    2.302        1.022-5.184               0.044

Points were calculated by averaging the two measurements ([Supplementary Table 3](#S1){ref-type="supplementary-material"}). Odds ratios were adjusted for age, sex, Charlson comorbidity index, smoking status, and medication use.

[^1]: Edited by Byung Ha Chung, The Catholic University of Korea, Seoul, Republic of Korea
